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Abstract 
The combined effect of radiation and refrigeration on the shelf life of hilsa, Tanualosa 
ilislw was studied by monitoring the microbiological, chemical and sensory changes of 
unirradiated and irradiated fish samples using low dose irradiation, doses of 300 krad, 
600 krad and 900 krad. Irradiation (900 krad) dramatically reduced population of 
bacteria, namely total viable counts 48,850 cfu pei· gm for unirradiated, 31,850 cfu per 
gm and 19,600cfu per gm of 300 krad and 600 krad, respectively. The effect was more 
pronounced at the higher dose (900 krad), total viable count were 14,100cfu per gm. 
f\nother microbial indicator total mould counts (TMC) was 8,750cfu per gm, 6,350cfu 
per gm, and 19,600cfu per gm for 300 krad and 600 krad, respectively. The effect was 
more pron{)unced at the higher dose (900 krad) where total viabk counts were 14,100cfu 
per grri. Total volatile nitrogen values increased slowly attaining a value of 101.02mgN 
per lOOgm for unirradiated T ilisha during refrigerated storage, whereas for irradiated 
fish, lower values of 71.13, 59.33 and 47.03mgN per 100 gm muscle were recorded. 
Sensory evaluation showed a good correlation with bacterial populations on the basis of 
overall acceptability scores. 
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Introduction 
Fish is the main source of animal protein of the countrymen as 63% animal protein 
comes from fish alone (Chowdhury 2001). Bangladesh earns a lot of foreign exchange 
every year exporting fish and fishery products. Export of fish is mostly sold and 
preserved at the traders and consumers level with ice and freezing condition. All the 
prerequisites like proper handling and mode of preservation are essential since fish is an 
extremely perishable commodity. Rigor mortis started as soon as the fish dies and a 
large amount of fish is lost due to spoilage every year in Bangladesh. The cost of 
preservation should, however be low to ensure profitable return. The method of 
preservation should be simple, such as many are applicable on a commercial scale and 
suitable for the climate condition. There are various ways by which spoilage can be 
slowed down or stopped, processing and preservation. Bacteria and autolytic spoilage 
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are biological systems witch operate under certain optimum conditions. Therefore, 
altering these conditions can prevent or reduce spoilage. As bacteria require water and 
is sensitive to temperature, salt concentrations and pH, a number of approaches can be 
used for reduce autolysis by controlling enzyme activity.The most commonly used and 
practiced way of reducing autolytic action is to lower temperature, but enzymes can also 
be inactivated by using chemicals or by using radiation. Radiation in suitable doses can 
kill the microorganisms, insect and parasite which may present in food and inhibit 
enzyme activity (Clucas and Ward 1996). Ionizing radiation such as gamma rays 
emitted from the excited nucleus of 6°Co or electrons emitted from a hot cathode have 
been studied extensively with the objective of producing foods that are free of spoilage 
by microorganisms or pathogens or contain a greatly diminished number of spoilage 
organisms (Board 1983). In the above context, to extend the shelf life of hilsa fish using 
different doses of gamma radiation (300 krad, 600 krad and 900 krad) and at -20°C the 
present study was carried out. 
Materials and methods 
Fresh hilsa used in this experiment were collected from the Kawran Bazar and then 
transferred to the laboratory of Food Processing and Preservation Division, AERE, 
Savar in presterilized polythene bag with ice. In the laboratory, the samples were 
processed in the following steps. 
The samples were first of all randomly divided in two lots. The first lot was taken 
for chemical composition and second lot was used for preservation purpose under 
different techniques. The fish from the second lot were beheaded, gutted and washed in 
tap water. Then fishes were divided into the following sample categories. Sample A, 
stored at -20°C temperature; sample B, control; sample C-E for 300 krad, 600 krad and 
900 krad treatments. Except the sample A the other samples were subjected to irradiate 
in a Co-60 source. All samples were examined at the 0, 7, 14, 21, 28, 35, 42 and 49 days 
of storage periods. The stored samples were evaluated organoleptically for odour, 
appearance, color and texture by a panel of judge on a 9-point hedonic scale as 
described by Peryam and Pilgrim (1957). Trimethylamin (TMA) and total volatile 
nitrogen (TVN) were examined by using Conway micro diffusion technique method 
(Conway and Byrne 1933, modified by Pearson 1962) the total bacterial count (TBC) 
and total mould count (TMC) were estimated by the method of Sharf (1966). 
Determination of chemical composition, moisture, protein, ash, calcium, phosphorus, 
according to the method of AOAC (1975) and lipid by Floch (1957). 
Results 
Moisture content of hilsa comprised 76%, while protein accounteri for 20%, lipid 
and ash about 2%. Calcium and phosphorus content accounted 250 and 110 mg/lOOg, 
respectively (Table 1). 
154 
Effects of gamma radiation and -20°C temperatures on Hilsa 
Table 1. Biochemical composition of hilsa, Tenualosa ilisha 
N1oisturc Protein Lipid Ash Calcium Phosphorus 
(%) (%) (%) (%) (mg/100g) (mg/100g) 
75.08 20.1 2.12 1.93 250 110 
Organoleptic scores (OS) 
Comparing the treatment, the highest organoleptic score was found in the 900 krad 
treatment group while the lowest score was measured in the control group (Table 2). 
The OS of 300 and 600 krad treatments were also different. Among durations, all 
treatments were significantly different. 
Table 2. Organoleptic score in hilsa, Tenualosa ilisha sampled before and after treatment with 
irradiation of 300, 600 and 900 krad at 0, 7, 14, 21, 28, 35,42 and 49 days (±SEM) 
Duration Treatment (Krad) Overall (day) Control 300 600 900 
0 8.65±.01. 8.66±.06 8.65±.04. 8.66±.04. 8.65±.01. 
7 8.25±.01. 8.'48±.03. 8.46±.05. 8.57±.03. 8.44±.05h 
14 7.55±.03b 7.83±.0lb 7.86±.06h 8.00±.05\1 7.81±.06b 
21 6.91±.04c 6.94±.04. 7.05±.03. 7.17±.06. 7.02±.05. 
28 6.05±.05d 6.36±.06d 6.58±.03d 6.79±.03d 6.44±.10. 
35 4.93±.23. 5.15±.01. 5.88±.22. 6.23±.19. 5.54±.25r 
42 4.08±.18r 4.63±.03r 5.23±.21r 5.82±.05.1 4.94±.25, 
49 3.59±.04· 4.28±.07' 4.95±.08_J 5.28±.04, 4.52±.25h 
Total 6.25±.46d 6.54±.23" 6.83±.33\1 7.06±.23" 6.67±.19 
.. Rows wtth superscnpt and co.Jumns wtth subscnpt letters denote stgntftcant dtffercnces (p<0.05) 
Total votalile nitrogen (1VN) 
Comparing the treatment, the lowest TVN value was found in the 900 krad 
treatment group while the highest value was measured in the control group (Table 3). 
The TVN of 300 and 600 krad treatment was also different. Among durations, all 
treatment duration were significantly different. 
Table 3 .. TVN values in hilsa, Tenualosa ilisha sampled before and after treatment with 
irradiation of 300, 600 and 900 krad at 0, 7, 14, 21, 28, 35,42 and 49 days 
Duration Treatment (Krad) 
(day) Control 300 600 900 
0 14.88±.37r 12.20±.65. 10.15±.65' 8.98±.08, 
7 26.55±.2.05J. 22.70±l.65__c_ l7.15±.65J: 13.33±.58_[_ 
14 40.88±1.23. 30.48±2.62dl' 21.88±.631 17.60±.45. 
21 56.18±2.68Lil' 37.23±2.02-'.i 31.08±1.18. 25.48±.7~ 
28 63.25+2.75 . .~ 47.53±2.27. 38.30±1.1 od 29.50±.50. 
35 73.72±2.52b. 54.53±1.37b. 43.93±1.57. 36.33±.5~ 
Overall 
11.55±.87h 
19.93±1.99' 
27. 71±3.41 r 
37.49±4.42. 
44.64±4. 77.~ 
52.13±5.35. 
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42 83.38±2.22h 61.68±1.43 '" 51.17±1.12b 39.00±.50b 58.80±6.18b 
49 101.02±2.73. 71.13±1.03. 59.33±.57. 47.03±.27. 69.62±7.59_;[_ 
Total 57.48±7.04" 42.18±4.88h 34.12±4.1 sc 27.15±.22d 40.23±2.84 
. . Rows wtth superscnpt and columns wtth subscnpt letters are stgntftcantly dtfferent (p<O.OS) . 
Trimethyleamin (TMA) 
Comparing the treatment, the lowest value of TMA was found in the 900 krad 
treatment group while the highest value was measured in the control group (Table 4). 
The OS of 300 and 600 krad treatment were also different. Among durations, all 
treatment duration were significantly different. The TMA value observed in the control 
was highest and similar to 1 week sampling. All the treatments were different each other 
and significantly different. 
Table 4. TMA scores in hilsa, Tenualosa ilislza sampled before and after treatment with 
irradiation of 300, 600 and 900 krad at 0, 7, 14, 21, 28, 35, 42 and 49 days means 
Duration Treatment (Krad) Overall (day) Control 300 600 900 
0 14.50±1.26. 12.08±.13r 9.98±.22r 7.85±.05r 11.1 0±.96h 
7 22.20±.551·,, 15.23±.33l'L 13.18±.58ef 9.95±.10r 15.14±1.71. 
14 27.60±.70r 19.60±.90,r 17.45±.60d,• 13.28±.22cr 19.48±1.98r 
21 37.13±2.38, 22.03±1.08. 23.22±.64_d_ 17.45±.55de 24.95±2.83, 
28 49.45±1.85d 39.35±2.00d 32.75±.25, 21.67±.72d 35 .81±3.85d 
35 63.18±.53. 1.85±1.25. 37.35±.60. 29.15±1.15. 45.38±4.96. 
42 75.33±.67h 69.65±2.8\ 48.58±1.72h 39.92±2.18h 58.37±5.57h 
49 90.10±2.40. 81.03±2.07. 60.08±2.07. 54.70±1.80. 71.47±5.56. 
Total 47.43±6.51" 38.85±6.3511 30.32±4.29" 35.21±2.86d 35.21±2.86 
. " . ' Rows wllh superscnpt and columns wtth subscnpt letters mdtcate stgn!ltcant dtfferenccs (p<O.OS) 
Total bacterial count (TBC) (cfu/g-1) 
Comparing the treatment, the lowest value of total bacterial count was found in the 900 
krad treatment group while the highest value was measured in the control group (Table 
5). The TBC of 300 and 600 krad treatments were also different among duration, all 
treatment duration were significantly different. To control, the TBC value observed in 
the control was highest and similar to 1 week sampling. The TBC values of first and 
second week are significantly different. All the other treatment were ·different and 
significantly different. 
Total mould count (TM C) 
Comparing the treatment, the lowest value of total mould count (TMC) was fotmd 
in the 900 krad treatment group while the highest value was measured in the control 
group (Table 6). The TMC of 300 and 600 krad treatments were also different. Among 
durations, all treatment duration were significantly different. 
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Table 5. Bacterial density (cfu/g) in hilsa, Tenua!osa ilisha sampled before and after treatment 
vvith irradiation of300, 600 and 900 krad at 0, 7, 14, 21, 28, 35,42 and 49 days 
Duration Treatment (Krad) Overall (day) Control 300 600 900 
0 1925±75h 1250±150, 750±20, 550±50r 1119±203h 
7 3350±100" 2425±125r 1900±200r 1125±75. 2250±337' 
14 5625±3751 4250±150. 3450±200. 1875±125d 3800±520r 
21 9075±325. 6075±325d 4450±150,k 2475±125d 5519±918. 
28 15350±550d 8700±600. 5425±175d 3875±125. 8338±1673d 
35 23900±600. 12750±250h,· 7950±200. 5450±150h 12513±2679. 
42 35300±600h 10500±500h 14450±250h 7250±250h 16875±4138h 
49 48850±850. 31850±650. 19600±400. 14100±300. 28600±5047. 
Total 1 794 7±4077a 9725±2363b 7247±1586c 4588±1077° 9877±1392 
... Rows wllh superscnpt and columns with subscnpt letter mdtcate stgmftcant difference (p<O.OS) 
Table 6. Total mo.uld count (TMC) (cfu/g) in hilsa, Tenua!osa ilisha sampled before and after 
treatment with irradiation of300, 600 and 900 krad at 0, 7, 14, 21, 28, 35,42 and 49 days 
Duration Treatment (Krad) Overall (day) Control 300 600 900 
0 825±75h 625±2\ 425±25h 275±25d 538±80, 
7 1300±50, 1075±25, 575±25, 375±25d 831±141-
14 2175±75r 1600±100r 850±50r 450±100d 1269±254. 
21 3075±175. 2425±75. 145±5. 825±75. 1618±448. 
28 4050±150" 3050±50" 2175±75d 1250±50bc 2631±394d 
35 5625±125. 3875±125. 2825±75. 1850±100,h 3544±530. 
42 7125±12\. 5175±75b 3650±50b_ 2525±75. 4619±653b 
49 8750±250. 6350±100. 4675±75. 3125±125. 2597±791. 
Total 4116±687a 3022±48t' 1915±407c 1334±259° 2597±272 
.. Rows with superscnpt and columns with subscnpt letters md1cate sJgnJfJcant difference (p<O.OS) 
Discussion 
The actual extension of shelf life is dependent on the level of dose and the condition 
of fish at the time of treatment (Liston et al. 1969). Several workers have demonstrated 
that the storage life of fish irradiated is an absolutely fresh condition is greatly in excess 
of that for fish irradiated after ice storage for even a very short period (Kazans et al. 
1969). The use of irradiation in food·preservation is based on the theory that at certain 
dose level of irradiation, spoilage is prevented and pathogenic bacteria destroyed 
without altering the characteristics of the food. Hussain et al. (2001) reported that low 
dose of ionizing radiation are known to reduce the spoilage causing factor in food and 
thereby extended the shelf life of irradiated products. Within storage period 49 days at 
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every 7 days the organoleptic test, chemical analyses, microbial analyses was carried out 
for assuring the degree of spoilage during the preservation. 
Muscle of live fishes is more or less sterilized but after death autolytic, bacterial and 
other changes occur (Hussain 1986). The physical changes could be perceived with 
sense organs. Organoleptic score of hilsa, Tenualosa ilisha come down 8.65±.01 to 
3.59±.04, 8.66±.06 to 4.28±0.07; 8.65±0.04a to 4.95±.08 and 8.66±.04 to 5.28±.04 in 
control, 300, 600 and 900 krad respectively after 49 days of storage. From the above 
discussion it was clear that with the increase of storage period the organoleptic score 
were rapidly decreased in the control fish than those irradiated fish of different doses. 
Hilsa irradiated with 900 krad has the longer shelf life other treatment and then 600 
krad and 300 krad. Due to microbial spoilage with the increase of storage period, the 
appearance, odor, color and texture vvill also be deteriorated. So, the organoleptic scores 
are decreased. 
Regarding the shelf life of control, irradiated hilsa, 300 krad, 600 krad, 900 krad 
stored at -20°C, the TVN values were found to increase gradually from the moment of 
preservation. The initial TVN values were 14.88±.37 mgN/100g, 12.20±.65gmN/100g, 
10.15±.65mgN/100g and 8.98±.08mgN/100g, respectively for control, 300 krad, 600 krad 
and 900 krad. And the TVN values were 101.02±2.73mgN/100g, 71.13±1.03mgN/100g, 
59.33±57mgN/100g and 47.03±27mgN/100g respectively for control, 300krad, 600 krad 
and 900 krad at the end of 49 days storage periods. The total value of TVN was found 
57.48±7.04mgN/100g, 42.18±4.88mgN/100g, 34.12±4.15mgN/100g and 
27.15±3.22mgN/100g (p<0.05). It did not indicate and degree of spoilage but this value 
depends on non-protein nitrogen (NPN) of fresh fish (De and Nazrul 1964). It was 
observed that TVN value exceeds 30mgN/100g of muscle, the fish become unacceptable. 
Tanikawa (1935), Shewan (1975), Stansby et al. (1954) also found that the total volatile 
nitrogen (TVN) increased with the increase of time during spoilage and all of them 
suggested that 30mgN/100gm of fish muscle should be taken as the upper limit for 
acceptability. 
The production of TMA was retarded considerably in the irradiated samples as 
compared to the control samples. The effects of irradiation were well effective in the 
rate of TMA accumulation. Suppression of TMA accumulation in the irradiated sample 
indicate that micro flora was capable of producing TMA were probably selected 
removed by irradiation (Change 1974). During the storage period of 49 days, the TMA 
values of all samples of -20°C were comparatively lower due to retardation of enzymatic 
action at low temperature. Such pattern of spoilage was also obtained from the findings 
of Ahmed et al. (1981). Hussain et al. (2000, 2001). It was found from the present study 
that effect of treatments differ significantly (p<0.05). 
It was found that in -20°C storage temperature the population was increased with 
the increase of storage period. Bacterial density was shown at Table 5 at -20°C storage 
temperature control, 300 krad, 600 krad, 900 krad irradiated fishes obtained 
48,850±850cfu/g, 31,850±650acfu/g, 19,600±460acfu/g and 14,100±300acfu/g of fish 
muscle at the end of 49 days respectively. Hussain et al. (2001) has experimented the 
radiation effect of mackerel fish at low dose. He found that the irradiated degutted 
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sample remained acceptable up to 28 days at 4°C in the present investigation, TBC were 
lower than that of above mentioned findings but this result more or less supported to 
the present findings. Le et al. (2001) reported that irradiation significantly affected 
bacterial count. At the dose of SKGY, shelf life was enhanced effectively by suppression 
of microbial growth and proliferation. Staving et al. (1966) reported that radiation dose 
1 KGY to 3 KGY to be effective for reduction of bacterial load. 
At -20°C storage temperature control, 300 krad, 600 krad, 900 krad irradiated fishes 
obtained 8,750cfu/g, 6,350cfu/g, 4,675cfu/g and 3,125cfu/g of fish muscles at the end of 
49 days, respectively. From all of above mentioned discussion it can be concluded that 
irradiation (900 krad) in combination with -20°C temperature is the best method for 
long time preservation of fresh fish. Extemion of shelf life at radiation doses 300 krad, 
600 krad and 900 krad did not bring about any noticeable changes. And -20°C storage 
temperature is much more acceptable for long time preservation of fish. 
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